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In 1987, 1988 and 1990 the dynamics of the phytoplantkon population 
was investigated in the Stara Drava (Old Drava) near Osijek, which was 
under the influence of the organically enriched sediment previously derived 
from industrial waste waters. A total of 240 phytoplankton taxa were 
established, with the dominance of Cbloropbyta and Chrysophyta groups. 
Chemical analysis of the water of the Stara Drava indicated intense 
mineralization of the allochthonous and autochthonous organic mattter 
present. The results refer to the state of the ecosystem of the Stara Drava 
before the war in the period from 1987 to 1990.
I n t r o d u c t i o n
On account of its function in the metabolism of water ecosystems, the 
dynamics of the phytoplankton population holds a significant place in ecolo­
gical research (G u c u n s k i 1973, 1974, H e r o d e k 1986, K o m a r k o v a  
1978, 1989, B r a n d i  et al. 1989 and others). In addition, waters as the 
environment of phytoplankton are more and more endangered throughout the 
world and practice has proven that the state of endangered waters can be 
improved only on the basis of scientific research. Many authors ( O d u m 
1971, W e t z e l  1975, W e l c h  1980, D y k y j o v a  1989) emphasize the 
dependency of the dynamics of the phytoplankton population on the concen­
tration of nutrients, the depth of the water ecosystem, the intensity and 
duration of daylight etc., all of which require research into the ecological 
factors present. The Stara Drava near Osijek (Croatia) represents a specific 
water ecosystem, since it is the remnant of the previus basin of the Drava river 
and extends parallel with its present day cours (Fig. 1). It is connected with
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the Barbara canal which, with a number of other canals, makes up the most 
significant hydroamelioration system in the Baranja region. The water level of 
the Stara Drava depends on the water level of the Barbara canal. However, 
the water level of both the Danube and the Drava can have an impact on the 
Stara Drava in case of the Danube or Drava flooding. In such cases, the 
Kopačevo dam (Kopački Rit hydrological system reserve) opens and regulates 
the flood waters. The Stara Drava and its canal are 10 km long. The system is 
characterized by special sediment which developed during the period from 
1969-1984 through the sedimentation of solid organic waste materials from 
the PIK Belje pig-breeding farm, the Meat-processing Industry of Darda and 
farming households. Because of the different character of the sediment, two 
stations on the Stara Drava were investigated (Fig. 1). Station I was chosen 
upstream of the Cingi-lingi čarda dam. This dam is permanently open and has 
a stonegravel threshold which partly blocks the passage of solid waste 
materials. Station II is downstream of the above mentioned dam and has a 
somewhat purified water due to sedimentation, but there is an inflow of waste 
water from a nearby catering establishment and surrounding settlements. The 
first algological investigations of the Stara Drava were carried out by H o r -  
t o b a g y i  (1945) followed by G u c u n s k i  (1979, 1990), and the first 
measuring of the concentration of chlorophyll-a was done by H o r v a t i ć  
(1992). After the research the investigated area unfortunately became a battle 
field during the war in 1991, 1992.
The goal of the research was to determine the dynamics of the phytoplan­
kton population of the Stara Drava near Osijek and on the basis of the results 
obtained to determine the trophic level, mineralization and the quality of the 
water.
M a t e r i a l s  a n d  M e t h o d s
During the period from August 30, 1987 to November 26, 1990, seasonal 
investigations were carried out at the surface and in the sediment-water 
interface at stations I and II. From the physical chemical traits the following 
were established: water and air temperature, depth and transparency of the 
water, dissolved oxygen, saturation of oxygen, pH, BOD5, p -  and m -  
alkalinity, hardness of water, COD (KMn04), C 0 2, concentration of ammo­
nia, nitrates, nitrites, phosphates (APHA 1975).
For a qualitative analysis of phytoplankton, samples were preserved in a 
2% solution of formaldehyde. The phytoplankton taxa were determined 
according to the following manuals: K o m a r e k  1958, 1974; B o u r r e 11 y 
1968-1972; F e 1 f 6 1 d y 1972, 1981, 1985; H i n d a k 1977-1990; H i n d a k  
et al. 1975, 1978; H u s t e d t  1976; K o m a r e k  and K o v a č i k  1989, 
H u b e r  -  P e s t a l o z z i  1961-1990. Indicators of the water saprobity were 
determined according to S l a d e č e k  (1973) and the index of saprobity was 
determined according to P an  t i e  and B u c k  (1955). The concentration of 
chlorophyll-a was determined according to J e f f r e y  and H u m p h r e y  
(1975).
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Physical and chemical characteristics of the water of the Stara Drava are 
shown in Tables 1 and 2 as well as in Figures 2—5. The water temperature 
ranged (Table 1) from 5.00 to 24.00 °C in 1987; from 3.00 to 24.00 °C in 1988; 
from 2.50 to 24.00 °C in 1990. On account of the low depth (0.30-1.65 m) of 
the stations investigated water temperature corresponded to the changes in the
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T a b’ l e 1. Physical and chemical characteristics of Stara Drava upstream (I) and downstream (II) 














31.08.1987 22.50 24.00 23.00 25.00 1.50 1.00 0.85 0.75
22.10.1987 14.90 15.00 15.00 15.00 1.60 1.00 0.50 0.48
22.12.1987 5.00 5.00 8.00 8.00 0.60 0.70 0.40 0.65
15.06.1988 24.CO 23.80 26.00 26.00 1.50 1.50 1.40 1.40
12.09.1988 20.00 20.00 25.00 25.CO 1.50 1.50 0.43 0.62
17.11.1988 3.00 3.CO 0.00 C.OC 0.65 1.50 0.85 0.80
28.12.1988 3.20 3.80 4.10 4.10 0.65 1.50 0.65 1.00
29.C3.1990 12.00 12.00 13.00 15.00 1.50 1.63 0.90 0.61
16.07.1990 23.00 24.00 20.00 18.50 0.87 1.01 0.87 0.77
26.07.1990 24.00 23.00 22.50 22.50 0.80 1.00 0.76 0.74
17.09.1990 17.00 17.00 15.00 15.00 1.00 1.00 0.41 0.51
26.11.1990 8.00 8.00 10.50 12.50 0.30 1.20 0.30 0.76
16.12.1990 2.50 4.00 3.00 3.00 0.50 1.10 0.50 0.50
air temperature (0.00-26.00 °C). The transparency of the water ranged from 
0.30 to 1.40 m and the strongest influence on the transparency was probably 
caused by the phytoplankton and abioseston which occurred during the 
movement of the shallow water due to the raising of the particles from the 
water bottom. The pH values varied from 7.67 to 8.96 (Table 2) and confirmed 
an alkaline reaction in the water of the Stara Drava. The high values of 
m-alkalinity (3.40-7.40 mval L -1) indicate intensive mineralization of organic 
matter. The concentration of ammonia (2.143 mg L '1) in August 1987 was 
most probably a consequence of the mineralization of the organic matter 
present, as well as fresh fecal pollution from nearby settlements. The oxygen 
saturation of water (Fig. 2, 3, 4 and 5) was the highest (157.43 %) at station II 
at the end of March 1990, during the maximum density (5) of phytoplankton, 
and the lowest at the same station in September 1988, when the oxygen was 
consumed due to the decomposition of allochthonous and autochthonous 
organic matter. The quantity of the total nitrogen measured in 1988 was lower 
(3.856-5.470 mg L_1) at station I than at station II (4.907-7.465 mg L_1) which 
received waste waters from a catering establishment. The quantity of phospho­
rus at both stations varied to a small extent (Table 2). According to F o r -  
s b e r g et al. (1978), phosphorus was a limiting factor of growth at stations I
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mg O2 L " 1
Fig. 2. Concentration of dissolved oxygen at station I
SATURATION OF WATER
Fig. 3. Saturation of water with oxygen in station I
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mg02 L 1
ES3 DISSOLVED OXYGEN
Fig. 4. Concentration of dissolved oxygen in station II
y.o2
SATURATION OF WATER 
WITH OXYGEN
Fig. 5. Saturation of water with oxygen in station II
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and II (Table 2) in June, September and December 1988 when the totN/tot P 
amounted to 13.05—103.06. Nitrogen (totN/tot P = 6.02) was the potentially 
limiting factor of growth only at station I in November 1988. Only in October 
1988 at station II (totN/totP = 7,25) the above mentioned nutrients were not 
limiting factors (Table 2).
P h y t o p l a n k t o n
In 1987, 1988 and 1990 a total of 240 phytoplankton taxa (Table 4) were 
determined at stations of the Stara Drava. The phytoplankton community 
consisted of Chlorophyta (116 taxa) and Chrysophyta (59 taxa). Cyanophyta 
and Euglenophyta were represented with 28 taxa, Pyrrophyta 6 taxa and 1 type 
belonged to the group Mycophyta. A total of 174 was found at station I while 
203 taxa were found at station II. During the period of investigation, the 
number of phytoplankton taxa (Table 4) was in most cases greater in the 
surface layer than in the contact layer of the sediment-water. Only in 
December 1987 an equal number (22) of taxa was established in both water 
layers at station I. At station II a greater number of taxa was present in the 
contact layer of the sediment-water in December 1987 and July 1990 (Table 4).
In the late spring phytoplankton community (15. 06. 1988) Chlorophyta 
prevailed at both stations. However, due to optimal ecological conditions 
(Tables 1 and 2) the total number of taxa in the surface layer amounted to 
57-63, and in the contact layer of the sediment-water 47-52 (Table 4). An 
abundant quantitative development of phytoplankton was confirmed by the 
high values (100.2-119.40 mg m~3) of clorophyll-a (Table 3) due to which the
T a b le 3 . Concentration of chlorophyll-a (mg m “3) in phytoplankton of the Stara Drava 
upstream (I) and downstream (II) of the Cingi-lingi carda dam
S — surface layer of water (I); C -  contact layer of sediment-water (I); s — surface layer 
of water (II); c -  contact layer of sediment-water (II)
Station
Chlorophyl -a (mg m 3)
I II
S C s C
31.08.1987 106.00 88.20 128.60 130.40
22.10.1987 76.20 88.00 58.20 118.65
22.12.1987 35.00 22.80 25.95 49.35
15.06.1988 104.20 100.60 119.40 100.20
12.09.1988 66.40 77.00 93.15 101.85
17.11.1988 48.00 75.80 56.40 61.65
28.12.1988 26.80 28.00 52.20 59.40
29.03.1990 30.60 39.00 75.32 65.SO
16.07.1990 78.40 84.00 119.00 98.80
26.07.1990 65.20 68.60 - -
17.09.1990 156.80 136.00 128.20 106.00
26.11.1990 45.20 - 6S.00 90.50
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PHYTOPLANKTON OF STARA DRAVA
Stara Drava was classified as polytrophic waters ( F e l f o l d y  1976). At the 
end of March 1990 the phytoplankton community of the Stara Drava was 
dominated by the Chrysophyta. A t station II the species Oscillatoria redekei 
(Planktothrix redekei), Peridinium cinctum, Dinobryon divergens and Dino- 
bryon sociale were most abundant. The massive spring development of 
Dinobryon divergens can be explained by the low concentration of phosphorus 
(0-0.046 mg L“1) during 1987 and 1988, since for its development, according 
to R e y n o l d s  (1984) the P-concentration needed was less than 0.20 mg L_1.
The species of Cyanophyta, Pyrrophyta and Chrysophyta were significant 
in the summer of 1987, 1988 and 1990. However, the species of Chlorophyta 
(Table 4) were also prominent during the summer in both the number of taxa 
and density of populations. By comparing our results of the qualitative 
content of the phytoplankton surface layer of the water from August 1987 
with the results from 1943 ( H o r t o b a g y i  1944), it is apparent that in 1943 
the total number of taxa was greater by 101 taxa. However, in August 1977 
G u c u n s k i (1979) identified the same number of taxa as we have found in 
our investigations. The greater number of taxa in 1943 can be explained as a 
consequence of favourable ecological conditions (see the hydrochemical results 
by W o y n a r o w i c h  1944). Unfortunately, the balanced ecological condi­
tions constantly deteriorated until 1987, thereby stimulating an increase in 
population density of certain taxa, while the total number of taxa decreased. 
This fact was confirmed also by the high values of chlorophyll-a at station II 
(Table 3) according to which only in November 1988 and 1990, December 
1987 and 1988 as well as March 1990 the water was eutrophic, while during 
the rest of the investigation months it belonged to polytrophic waters 
( F e l f o l d y  1976).
In all autumn seasons (1987, 1988 and 1990) the number of taxa slowly 
decreased in relation to the summer season (Table 4), when species from the 
groups Chlorophyta and Chrysophyta prevailed. A greater number of phyto­
plankton taxa at station II (32-52 in October 1987, 30-50 in November 1988, 
29-51 in December 1990) than at station I (34-43 in October 1987, 30-36 taxa 
in November 1988 and 31—42 taxa in November 1990) indicate a higher 
concentration of nutrients at station II (Table 2). Saprobiological analyses of 
phytoplankton showed that the index of saprobity of the water varied in the 
surface laver of water from 2.00 to 2.40 at station I and 2.00-2.48 at station 
II. In the contact layer of the sediment-water, the index of saprobity of the 
water amounted to 1.88-2.38 at station I and 1.88-2.63 at station II. This 
means that both investigatd layers of water belonged to the beta-mesosaprobic 
degree in 1987, 1988 and 1990, with the exception of December 1987 when 
the alpha mesosaprobic degree was established at station II.
C o n c l u s i o n
In 1987, 1988 and 1990 in the Stara Drava near Osijek, 240 phytoplankton 
taxa were determined, with the predominace of representatives of the Chlorop­
hyta and Chrysophyta groups. The greatest ecological impact on the dynamics 
of the phytoplankton population was probably caused by the sediment which 
developed from allochthonous solid organic waste matter.
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The results of a chemical analysis of the water of the Stara Drava indicate 
intense mineralization of the allochthonous and autochthonous organic matter 
present.
According to the values of chlorophyll-a, the water at station I was 
mostly eutropic while the water at station II belonged most frequently to 
polytrophic waters.
Saprobiological analyses of the phytoplankton showed that it belonged 
to the beta-mesosaprobic and beta-alpha-mesosaprobic degree of water, with 
the exception of December 1987 when the alpha-mesosaprobic degree was 
established at station II.
The results obtained support the presumption that polluted water of the 
Stara Drava during the investigation recovered in a natural manner.
Since the investigation area became a battlefield after our research, we 
consider it necessary to continue the research in times of peace in order to 
establish the influence of war activities on the ecosystem of the Stara Drava.
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S A Ž E T A K
DINAMIKA POPULACIJA FITOPLANKTONA STARE DRAVE KRAJ OSIJEKA
Janja Horvatić i Dragica Gucunski
(Zavod za ekologiju Pedagoškog fakulteta J. J. Strossmayer u Osijeku)
U radu su prikazani rezultati istraživanja dinamike populacije fitoplan- 
ktona Stare Drave koja je bila pod utjecajem sedimenta nastalog od otpadnih 
organskih tvari tijekom 1969.-1984. godine.
U Staroj Dravi kraj Osijeka utvrđeno je u 1987., 1988. i 1990. godini 
ukupno 240 fitoplanktonskih taksa, a dominirali su predstavnici skupina 
Chlorophyta i Chrysophyta. Najjači ekološki utjecaj na dinamiku populacija 
fitoplanktona imao je sediment nastao od alohtonih krutih otpadnih organskih 
tvari.
Rezultati kemijske analize vode Stare Drave upućuju na intenzivnu 
mineralizaciju nazočne alohtone i autohtone organske tvari. Prema vrijedno­
stima klorofil-a voda postaje I. bila je najčešće eutrofna, a postaja II. pripadala 
je uglavnom u politrofne vode.
Saprobiološka je analiza fitoplanktona dokazala II. i II.—III. klasu boniteta 
ili beta i beta-alfa mesosaprobni stupanj vode Stare Drave, osim u prosincu
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1987. godine kada je utvrđena III. klasa boniteta ili alfamesosaprobni stupanj. 
Svi izneseni rezultati govore u prilog činjenici da su se onečišćene vode Stare 
Drave prirodno oporavljale. Budući da je istraživano područje nakon našeg 
istraživanja postalo bojišnica, smatramo potrebnim u vrijeme mira nastaviti 
istraživanja radi utvrđivanja negativnog utjecaja ratnih akcija na ekosistem 
Stare Drave.
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